BACKGROUND: There are several techniques for screw insertion in upper cervical spine surgery, and the use of the 3.5-mm screw is usually the standard. However, there is no consensus regarding the feasibility of using these screws in the pediatric population. OBJECTIVE: To determine the measurement of the lamina angle, lamina and pedicle length and thickness, and lateral mass length of the topographic axial view of the axis vertebra of 2-to 10-year-old children to guide the use of surgical screws. METHODS: Seventy-five computed tomography scans from 24-to 120-month-old patients were studied. Measurements were taken in an axial view of C2 and correlated with 2 age groups and both sexes. Statistical analysis was performed with the Student t test. RESULTS: In the 24-to 48-month age group, only 5.5% of the lamina and 8.3% of the pedicles had thicknesses , 3.5 mm. In the 49-to 120-month age group, there were no lamina thickness values , 3.5 mm, and 1.2% of pedicle thicknesses were , 3.5 mm. Both age groups had no lamina and pedicle lengths , 12 mm and no lateral mass lengths . 12 mm. CONCLUSION: In the majority of cases, the use of 3.5-mm lamina and pedicle screws in children is feasible. A base value of 45°for the spinolaminar angle can be adopted as a reference for insertion of screws in the C2 lamina. This information can be particularly useful for decision making during preoperative planning for C1-C2 or craniocervical arthrodesis in children.
T he upper spine in children may be affected in conditions such as Down syndrome, Grisel syndrome, joint dislocation, and ligament lesions, requiring surgical treatment. [1] [2] [3] [4] Unlike children, in adults, cervical fractures are common; upper cervical fractures like those of the atlas account for 25%, whereas 40% to 44% of cases are associated with axial fractures. 5 One of the main risks associated with upper cervical surgery, besides spinal cord lesion, is vascular lesion. The vertebral artery passes through the transversal foramen of the C1, curving in the posteromedial direction at both sides until entering the occipital foramen. This structure, however, presents a risk when screws are inserted into both vertebrae. 6, 7 Numerous techniques have been described for fixation of the upper cervical region, seeking to create a stable fusion between vertebrae. Wire fixation such as the Brooks or Gallie techniques, while relatively simple procedures, are inconvenient in that they require rigid immobilization after surgery and present high rates of pseudoarthrosis (up to 30%). 8, 9 Since new synthesis materials have been developed, techniques have emerged that enable more stable fixation. The most commonly used methods today are the Jeanneret and Magerl transarticular screw fixation technique, 10 the Wright C1 lateral mass screw and C2 laminar screw technique, and the Goel and Harms C1 lateral mass and C2 pedicle screw fixation technique. [11] [12] [13] [14] From a biomechanical point of view, these are all superior to the wire fixation technique, but they involve placing screws in various parts of the C2 vertebrae (pars, pedicle, and lamina) and C1 masses, posing a significant risk to the vertebral artery and the possibility of hemorrhages, 10, [12] [13] [14] The Wright technique has the advantage that the screws are passed through the C2 lamina, decreasing the risk of injuring the vertebral artery, but works published by the author himself using this technique concerned predominantly adults. 13 Only 1 report by the same author describes the technique in 3 children. 15 Because the screw technique, whether inserted in the pedicle, the pars, the laminas, or the lateral masses, involves inserting screws 3.5 mm in diameter, there is concern about whether insertion of these screws would be possible in children. 10, [12] [13] [14] The objectives of this study are to evaluate the dimensions of laminas, pedicles, and lateral masses in CT scans of the C2 vertebra in the Brazilian pediatric population to determine the feasibility of inserting 3.5-mm screws into these structures and to validate the data obtained in this study for our population.
METHODS
A retrospective analysis was carried out of all 75 cervical computed tomography (CT) scans produced during routine outpatient and emergency care at the Hospital das Clínicas of the University of São Paulo between June 2008 and June 2010. All CT scans that included sections of the cervical spine in children carried out as a result of trauma, headache, fever, or any other complaint requiring cranial investigation were included. Cases with fractures of the level studied (3 patients) were excluded.
Patients between 2 and 10 years of age were selected, and data on patient age and sex were gathered. The patients were divided into 2 age groups: 24 to 48 months (group 1; 23 cases) and 49 to 120 months (group 2; 52 cases).
Using the open-source image program ImageJ, 16 we evaluated the dimensions and angulations of 88 laminas, pedicles, and lateral masses in an axial C2 section corresponding to the midpoint of lamina height (parasagittal section). Thickness of the C2 lamina was measured in millimeters. Measurement was made at the point of least thickness between the internal cortex layers, as demonstrated in Figure 1 . Length (in millimeters) of the laminas was measured in this same axial section. Measurement was made from the external cortex 93 contralateral to the lamina up to the limit of the visible length in that section, as exemplified in Figure 2 .
The spinolaminar angle was traced for both sides, with one of the lines inside the C2 lamina parallel to the cortexes of this lamina and another line passing through the spinous process and odontoid process, dividing the vertebrae into 2 hemi-vertebrae ( Figure 2 ).
Pedicle thickness was measured at its narrowest point at this same axial section ( Figure 3 ). The length of this same section was measured from the point of entry in the lateral cortex to the anterior cortex of the vertebral body (Figure 3 ). The length of the lateral mass was measured from the point of transition from the lamina to the mass to the opposite cortex ( Figure 3) .
Statistical analysis was carried out with the Statistical Package for Social Sciences (SPSS), version 13.0 for Windows, and the Student t test. Data were obtained for the mean, standard deviation, and minimum and maximum values. Data on age, sex, and laterality (right and left) were compared with anatomic measures. 
RESULTS
Analysis of the frequency histogram for lamina, pedicle, mass, and spinolaminar angle thickness resulted in normality graphs; thus, parametric tests were used for comparative analysis of frequencies.
Of the 75 CT scans analyzed, 45 (60%) were from male patients. Three were excluded from the study because of the presence of a fracture at the level analyzed. The average age for the whole sample of patients was 66.83 6 28.93 months; the average age of group 1 was 32.16 6 9.06 months and that of group 2 was 81.34 6 20.79 months.
Given that no significant difference was observed (P . .05) in the measurements for laterality, the results presented here correspond to averages obtained without considering the sides. No significant differences were found in the measurements between sexes either. Tables 1 through 3 show the mean values, standard deviations, and minimum and maximum values for the anatomic measurements of the lamina, pedicle, and lateral mass, respectively, by age group and sex. In group 1, 5.5% of the laminas and 8.3% of the pedicles were observed to have a thickness of , 3.5 mm. In group 2, there were no laminas with a thickness of , 3.5 mm, and only 1.2% of the pedicles had a thickness of , 3.5 mm. Neither age group presented a lamina or pedicle length , 12 mm.
In relation to the spinolaminar angle, measured close to the angle for positioning the laminar screw, only 5% of the values were , 41°, and 90% were , 51.8°.
Lengths of lateral masses . 12 mm were not recorded in either age group.
DISCUSSION
Considering that the latest techniques for upper cervical arthrodesis such as the Jeanneret and Magerl, Harms, and Wright techniques 10,12-14 involve the insertion of 3.5-mm screws into various parts of the C2 vertebra and that these studies relate to the North American adult population, for these techniques to be used safely in the pediatric population, there is a need for research that analyzes the anatomic shape of these structures in this specific population.
In 2010, Ferri-de-Barros et al 17 carried out a tomographic study comparing the suitability of C2 pedicles and laminas for screw fixation in children 2 to 11 years of age who were not separated into groups. They obtained the following data: 24% of C2 pedicles and 65% of C2 laminas were considered suitable for the insertion of 3.5-mm screws. According to the study, 17 there was a great difference in safety between inserting screws in the laminas (65%) and in the pedicles (24%), a finding that was not supported by our study because in group 1 (age, 24-48 months) 5.5% of the laminas and 8.3% of the pedicles were observed to have a thickness of , 3.5 mm. In group 2 (age, 49-120 months), there were no laminas with a thickness , 3.5 mm, and only 1.2% of the pedicles had a thickness of , 3.5 mm. Our results showed that the C2 pedicle and laminar screws have comparable feasibility in relation to bone diameter. There are some other basic differences between the 2 studies. Our study included 75 patients, whereas that of Ferri-de-Barros et al 17 included only 23 patients. The average ages of the patients in both studies were similar: 6 years in the Ferri-de-Barros et al 17 study and 5.5 years in our study. However, in our study, patients were divided into age groups, which was not done in the Ferri-deBarros et al 17 study. The length of lateral mass in both groups was around 9 mm. Therefore, the lateral mass screw fixation technique in C2 is not as feasible in the pediatric population studied because screws measuring 12 mm in length (the shortest screw available in Brazil) are required for fixation.
When indicated, C1-C2 or craniocervical arthrodesis in children must be planned on the basis of comprehensive analysis of preoperative clinical findings and detailed imaging of the cervical spine. Our study was based on (and limited to) axial reconstructions of 3-mm CT scans reported as normal; thus, our data overestimate overall suitability for screw placement. We have traced these measurements in the usual views in upper cervical spine CT scans available in most services.
CONCLUSION
In the pediatric population 2 to 10 years of age, CT scan C2 analysis showed that, in the majority of cases, the anatomic dimensions studied enabled insertion of the screws in the laminas and pedicles, taking into account the materials available on the market (3.5 mm).
In relation to the spinolaminar angle, a base value of around 45°c an be adopted in surgical practice as a reference for inserting screws in the C2 lamina. This information can be particularly useful for decision making during preoperative planning for C1-C2 or craniocervical arthrodesis in children.
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